No microbial source tracking tool satisfies all the characteristics of an ideal indicator of human fecal pollution. For this reason, the potential of Enterococcus faecalis phages (enterophages) as markers of this type of contamination was tested by using eight Enterococcus type strains as the possible hosts. The prevalence of enterophages in animal feces and domestic sewage were determined, as were the inactivation rates in raw sewage at 4 W C and surface and tap waters at 22 W C. Enterophages were exclusively detected in raw sewage (up to 66.0 plaque forming units (PFU)/100 mL), suggesting a strictly human origin; and exhibited inactivation rates of approximately 0.002 to 0.05, 0.3 to 0.5 and 0.4 to 1.4 log day À1 in raw sewage and surface and tap waters, respectively, similar to those of previous reports on human enteric viruses under similar conditions. Interestingly, phages infecting other Enterococcus type strains were detected in both animal feces and domestic sewage in concentrations of up to 335.8 PFU/g and 96.0 PFU/100 mL, and certain phage isolates infected several of the strains tested. This clearly indicates the possible promiscuous nature of some Enterococcus phages and thus opens up the opportunity to further characterize these as indices of specific fecal sources. Key words | enterococci, enterophages, fecal pollution, microbial indicators, microbial source tracking makes them unreliable for microbial source tracking (MST) purposes (Baele ). In addition, enteric viruses can be present in waters that meet bacteriological 51
INTRODUCTION
Human pathogens can be introduced into water sources as a result of fecal pollution. Among these, enteric viruses are of great concern since they: (i) can cause disease with infectious doses as low as 1 to 10 particles, (ii) affect 5 to 18 million people every year, and (iii) can be resuspended from sediments to surface waters after disturbances (Rao Byappanahalli et al. ). Algae and sediments could also be sources of indicator bacteria and although certain type strains have been linked to fecal pollution, their presence in the feces of different warm-blooded animals standards and absent from waters failing to meet this criteria (Bosch ) .
Bacteriophages have also been proposed as markers of fecal contamination and as models of human enteric viruses. Such is the case of phages infecting Bacteroides fragilis and Escherichia coli (coliphages). However, B. fragilis animals and domestic sewage were tested for the presence and prevalence of enterophages. We also determined the inactivation rates and survival times of enterophage isolates under various conditions, and compared results to those studies using human enteric viruses. Therefore, the aims of the present study were to: determine the presence of enterophages in animal feces, their prevalence in raw and treated domestic sewage, inactivation rates and survival times under various conditions, including raw sewage at 4 W C, fresh and tap waters at 22 W C and various sterile water types at 37 W C. and E. coli in raw sewage. One liter of raw domestic sewage was seeded with a concentration of 10 4 plaque forming units (PFU)/100 mL from prepared laboratory stocks and kept at 4-7 W C. Aliquots were obtained daily and processed using the single layer method as indicated above.
MATERIALS AND METHODS
To simulate the survival of enterophages and coliphages under environmental conditions, raw domestic sewage was added to three fresh water samples collected from the Rio 
Statistical analyses
Non-parametric one-way analyses of variances (Kruskal-Wallis) were used to determine differences in the prevalence of Enterococcus phages in raw sewage as influenced by the bacterial host tested and incubation temperature. The same analyses were used to determine differences in the at 22, 37, and 41 W C, respectively. Enterococcus faecium phages exhibited a decay of 0.0040 ± 0.0020 and 0.0020 ± 0.0020 log day À1 at 22 and 37 W C, respectively. For this specific E. faecium phage isolate, 41 W C was inhibitory. Similarly, the E. casseliflavus phage isolate in these experiments was able to replicate only at 22 W C and exhibited a decay of 0.020 ± 0.030 log day À1 . Coliphages exhibited decays of 0.010 ± 0.020, 0.040 ± 0.020, and 0.020 ± 0.050 log day À1 at 22, 37, and 41 W C, respectively.
Survival of enterophages and coliphages in fresh waters
During the period of low rainfall events, up to 1.01 mm of rain was reported at site 1 and no precipitation was reported at sites 2 or 3 24 h prior to collecting the samples. During this period, enterophages exhibited an average decay of 0.47 ± 0.03 log day À1 at all sites. Coliphages exhibited an average decay of 0.47 ± 0.03 log day À1 at sites 1 and 2 and 0.33 ± 0.07 log day À1 at site 3. During the period of higher rainfall events, up to 2.54 mm of rain was reported at sites 1 and 3 and 0.20 mm at site 2. During this period, enterophages exhibited an average decay of 0.40 ± 0.00 and 0.30 ± 0.00 log day À1 at sites 1 and 2 and 0.37 ± 0.03 log day À1 at site 3. Coliphages exhibited an average decay of 0.19 ± 0.12, 0.08 ± 0.03, and 0.20 ± 0.10 log day À1 at sites 1, 2, and 3, respectively. Calculated T 90 values for enterophages and coliphages differed during the period of low and high rainfall and across the incubation temperatures as well (Table 4 ). The survival of enterophages and coliphages during both rainfall periods are shown in Figure 3 .
Enterophages in chlorinated and dechlorinated tap water and sterile distilled, tap, and wastewater
The enterophage isolate in this study survived approximately 12 days in chlorinated tap water with an initial free chlorine concentration of 0.13 ± 0.02 ppm and more than 12 days in dechlorinated tap water (data not shown).
These exhibited decays of 0.23 ± 0.16, 1.05 ± 0.72, and
1.42 ± 0.75 log day À1 in chlorinated tap water and 0.14 ± 0.045, 0.70 ± 0.38, and 1.02 ± 0.12 log day À1 in dechlorinated tap water at 22, 37, and 41 W C, respectively.
Coliphages survived for more than 12 days in both chlorinated and dechlorinated tap water (data not shown) and exhibited a decay of 0.60 ± 0.0062, 0.83 ± 0.26, and 1.10 ± 0.20 log day À1 in chlorinated tap water at 22, 37, and 41 W C, respectively. In dechlorinated tap water, coliphages showed a decay of 0.13 ± 0.045, 0.70 ± 0.38, and 1.02 ± 0.12 log day À1 at 22, 37, and 41 W C. Calculated T 90 values for enterophages and coliphages in both chlorinated and dechlorinated tap water are described in Table 5 . In terms of the survival experiments with the enterococci phage isolate at 37 W C, kd values for wastewater, tap, and distilled water were 0.038, 0.36, and 0.37 log day À1 , respectively.
A decay of approximately 2 log 10 was observed when testing sterile wastewater during 43 days (Figure 4(a) ). On the other hand, when testing sterile tap and distilled water, enterophages exhibited a notable decay, surviving approximately 11 days (Figures 4(b) and 4(c)). T 90 values were approximately 6 days for both tap and distilled water and 60 days for wastewater. 
DISCUSSION
Fresh water (3). Samples were collected during a period of low rainfall events and processed for the detection of enterophages (a) and coliphages (b). The survival of enterophages (c) and coliphages (d) during a period of higher rainfall events was also determined. Data represent those phages that replicated at 37 W C.
reservoirs of various enterococci phage groups, as seen by the influence of the bacterial host used (Χ 2 ¼ 27.50, df ¼ 6, p ¼ 0.00012) and temperature tested (Χ 2 ¼ 24.27, df ¼ 2, p ¼ 5.37 À6 . In addition, given that there is the need of characterizing markers of chicken fecal pollution, enterococci phages detected in chicken fecal matter could be further characterized and tested in various water types impacted by this source of fecal contamination. Future studies need to determine potential hosts for the detection of Enterococcus phages in other animal feces.
In terms of the coliphages, previous studies have shown that their concentrations vary according to each individual and can range from 10 0 to 10 7 PFU/g in cows, pigs, and humans and <10 PFU/g in dog feces (Dhillon et al. ; Calci et al. ) . In the present study, coliphage concentrations in cows and humans are within the range reported previously, but higher concentrations were detected in dog feces. Although coliphages were not detected in pig feces in the present study, 0 to <10 PFU/g have been reported elsewhere (Calci et al. ) .
Inactivation rates and survival of Enterococcus phages
Our results showed that titers of E. faecalis, E. faecium, E. casseliflavus, and E. coli phages do not decrease significantly at 4 W C (approximately 0.002-0.05 log day À1 , 8.9 ± 7.0 28.3 ± 6.0 32.1 ± 6.0 43.3 ± 8.3 41 6.9 ± 1.7 28.3 ± 3.7 28.3 ± 3.7 33.0 ± 3.9 however, the present studies must also be performed in situ.
Enterophages could be considered models of certain human enteric viruses in various water types since their inactivation rates and survival times are similar to those reported previously. Phages infecting E. faecium, E. casseliflavus, and E. pseudoavium replicating at 37 W C may be used to infer the presence of chicken fecal matter in fresh water sources, but more studies need to determine whether these phages are present in waters impacted by chicken fecal matter.
The present study opens the possibility to further characterize Enterococcus phages as indices of specific fecal sources, especially in various geographical regions, and to predict their behavior in different areas by using specific mathematical models, for example. Also, future studies need to develop the techniques for the detection of enterophages using molecular methods and compare results with culture techniques.
